Introduction:
Worldwide laboratories have adopted the use of modified or alternate methods for measurement of the erythrocyte sedimentation rate (ESR). The iSED from Alcor Scientific is a novel, alternate ESR method based on photometric aggregometry which offers improved operator safety and reduced analysis time. This study evaluated the diagnostic utility of the iSED in a South African patient population with a range of inflammatory disorders.
Methods:
We compared the iSED with the predicate modified Westergren method (StaRRsed, Mechatronics, Zwaag, the Netherlands) measured at 60 minutes. Analysis was performed on K 2 EDTA samples at three ESR measurement ranges (<20, and >80 mm/h) in 120 pediatric and adult inpatients and outpatients over a 2-week period. Precision, stability, and carryover were performed in accordance with the 
Conclusion:
This study demonstrated differences in ESR results, predominantly at extremes of the analytical range, using an alternate method. Careful consideration and performance monitoring of these novel methods are advised.
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| Study protocol

| Blood sampling
Adult and pediatric samples with adequate volume (>4 mL) from inpatients and outpatients which covered ESR values in the analytical range of 2-120 mm/h were randomly selected in May 2018. 15 Samples were collected in K 2 EDTA tubes or BD Microtainer MAP microtubes (Vacutainer, Becton Dickinson, UK). Samples were stored at room temperature (RT) and analyzed by a dedicated technologist within 4 hours of collection. Results which indicated analysis failure were excluded from the final analysis. Samples were collected anonymously, and no identifying information was recorded.
| Laboratory methods
The manufacturer was responsible for installation and training of the laboratory staff members on the instrument operation, quality control, and safety. Seditrol commercial controls (Alcor Scientific, Rhode Island, USA) used for the evaluation were supplied by the manufacturer. Maintenance procedures were performed daily as per the manufacturer's recommendations. According to the manufacturer's operator manual, K 2 EDTA samples were inserted manually into the sample entry port. Twenty samples were loaded consecutively into the sample wheel. In the microflow cell, RBC aggregation is directly measured by an optical detector in 20 seconds. 
| Comparison study
For the method comparison study, samples were analyzed in parallel. The iSED analyzer's measurement range (1-130 mm/h) was established from the samples analyzed. The Bland-Altman difference plot was used to assess the absolute differences, and a Deming regression analysis was used to determine the degree of correlation between the iSED and StaRRsed analyzers. Correlation coefficients and biases for samples in the low (<20 mm/h), middle (20-80 mm/h), and upper third (>80 mm/h) of the analytical range were determined.
Statistical significance was assumed to be P < 0.05.
| Precision
Between-run precision was performed with normal and abnormal controls which were analyzed three times a day for five consecutive days. Within-run precision was performed using normal and abnormal controls and three patient samples (in the low, middle, and upper third of the analytical range) analyzed ten times each during the same 8-hour period. The coefficient of variation (CV) was compared to the manufacturer's precision limits.
| Carryover
Using the Broughton formula, three consecutive analyses of a patient sample with high viscosity (H1, H2, and H3) were analyzed followed by three consecutive analyses of a patient sample with a low viscosity (L1, L2, and L3). Carryover was calculated from the formula:
Carryover (%) = (L1-L3)/(H3-L3) × 100. Parametric paired t test was used to assess the observed differences.
| Sample stability
Stability analysis was performed on ten samples: five normal and five abnormal. Analysis was performed at time zero (or as close to zero as possible) on the iSED. The samples were then divided into aliquots and stored at RT and at 4-8°C. Subsequent testing was performed after 4, 8, 12 and 24 hours of storage. The results were compared using a parametric paired t test.
| Reference ranges
Reference intervals were verified using existing samples in accordance with the CLSI guidelines. 16 
| Ethics
This study was approved by the Human Research Ethics Committee of the University of the Witwatersrand (M-180236). 
| RE SULTS
| Comparison study
| Precision
The results of the within-run and between-run precision analysis on the iSED and StaRRsed with commercial controls are presented in Table 2 . The within-run precision analysis for patient samples at low, middle, and high ESR levels was within the manufacturer's limits (Table 3) .
| Stability
The undiluted ESR was stable for 24 hours on the iSED analyzer when stored at RT and at 4-8°C (Figure 3 ).
| Carryover
The percentage carryover for the iSED ESR measurement was 2.86%.
This was not clinically significant and within the manufacturer's limit.
| D ISCUSS I ON
Worldwide most laboratories have adopted modified or alternate ESR methods which offer improved operator safety and reduced analysis time. 15 This study evaluated the diagnostic utility of the iSED alternate ESR method compared to the StaRRsed in an adult and pediatric patient population with a range of inflammatory disorders. The iSED is a small bench-top device (36cmx27cmx34 cm) which has been developed for small to medium-sized laboratories. The pre-analytical steps of mixing are fully automated. In this study, the laboratory staff reported that the instrument was easy to operate following a short training period. Also, instrument maintenance was minimal and the iSED produced no error readings or analysis failures during the study. In This significant difference we observed in this study has also been observed in previous studies of the iSED. 3, 12 These studies compared to methods using citrated whole-blood samples also reported a large positive bias, in particular at higher ESR levels. Westergren ESR test- Similarly other novel methods, have also been reported to overestimate the ESR compared to the reference Westergren method. 10, 14, 20 Results of proficiency testing indicate differences of ~40% between
Westergren and non-Westergren-based methods in particular at upper and lower ends of the analytical range. 15 Shelat et al 14 We considered additional potential factors that might be responsible for the observed systematic bias between the iSED and StaRRsed. The differences were not related to imprecision because the precision of the iSED was acceptable and did not differ significantly from measurements reported by the Westergren method. 10 The imprecision of the abnormal ESR control, which encompasses the clinically significant ESR range, was low. However, the imprecision of the normal ESR control was high. This, however, does not affect the clinical reliability of the measurements as it encompasses the ESR of the normal population. 22 In order to determine the suitability of the iSED for this specific patient population, the clinical performance of this method was 23 It follows that careful consideration and performance monitoring of these novel methods are advised.
In this study, the majority of the patients were rheumatology out- A limitation of this study is that samples with interfering substances such as fibrinogen and paraprotein, which increase rouleaux formation, were not collected during the study period. Additionally, the iSED was not compared with the manual Westergren method which is the gold standard. This study, however, contributes to the published literature as the manual Westergren method has largely been replaced worldwide by automated methods owing to the inherent limitations of the manual method.
| CON CLUS ION
In conclusion, the iSED is a novel alternate method for ESR measure- 
